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Riparian Ecosystems

Scale

We conducted our analysis at two spatial scales: geographic areas and landtype associations (LTAS).
The Manti-La Sal National Forest is divided into four geographically distinct areas. The Abajo Mountains,
Mesas, and Canyons area and the La Sal Mountains and Borderlands area are located in the south zone
of the forest. The San Pitch Mountains and the Wasatch Plateau are located in the North zone. These
four areas differ from one another in many factors including geology, ecology, and history of human use.
Within each geographic area are several LTAs, which are spatial units grouped by physical and biological
properties (Kilbourne 2016). In this assessment, we evaluated riparian ecosystems at the scale of the
LTAs and summarize results for each geographic area.

Key Ecosystem Characteristics

To determine whether riparian, wetland, and groundwater-dependent ecosystems are within their natural
range of variability (NRV), we selected characteristics of ecosystem integrity and sustainability: 1.
Distribution of riparian ecosystems, 2. Groundwater and surface water fluctuations, 3. Channel and bank
stability, and 4. Floodplain condition. These key ecosystem characteristics (KECs) were selected in
accordance with current planning rules (USFS 2015) and include measures of composition, structure,
function, and connectivity.

Drivers, Stressors, and Indicators

We reviewed scientific literature and agency reports to develop a list of drivers and stressors that
influence the KECs listed above. We also selected indicators of KEC status that could be evaluated with
available data (Table 1).

Table 1. Drivers, stressors, and indicators measured for assessment of riparian ecosystems

Key Ecosystem Characteristic Drivers Stressors Indicators
Groundwater and Surface Water Precipitation, temperature, Dams, Diversions, Mines, Precipitation and Temperature
Fluctuation Geological setting, beaver activity, Roads, Recreation, Change, Spring Distribution,

Spring development, Water Levels

Livestock use, Timber
harvest, Insects and
disease, Wildfire, Conifer

encroachment,
Distribution of Riparian Vegetation Surface flows, groundwater Conifer encroachment, Field-sample Riparian
availability, groundwater discharge, Upland vegetation Vegetation, Aerially Mapped
encroachment, Fire Riparian Vegetation, Riparian
suppression, Diversions, Vegetation Departure Index

Dams, Agriculture,
Development

Floodplain condition Beaver activity, Geologcial setting, Dams, Diversions, Riparian Vegetation Conversion
Invasive plants, Wild Type, Riparian Condition
Ungulate use, Livestock Assessment, Terrestrial
use, Roads, Recreation, Condition Assessment

Timber harvest, Wildfire,
Fire suppression, Beaver

removal
Channel and bank stability Beaver activity, stabilizing Livestock use, Roads, Vertical stability; Ground cover;
vegetation Recreation, Beaver Stability rating, Percent late
removal, Floods seral vegetation
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Existing Condition of KECs

1. Distribution of Riparian Ecosystems

Riparian ecosystems are characterized by unique vegetation communities that provide physical,
hydrological, and biotic services across forest landscapes. Essential physical functions, such as flood
abatement and soil stabilization, are performed as well (Hubert 2004). Riparian vegetation is also valued
as critical wildlife habitat. Large trees and snags in riparian areas are used as nesting sites and perches
by Northern Goshawks (Accipiter gentilis), Lewis’s Woodpeckers (Melanerpes lewis), and other birds
(Graham et al. 1999, Saab and Vierling 2001, Hollenbeck and Ripple 2008). Woody and herbaceous
plants provide forage for Greater Sage-Grouse (Centrocercus urophasinaus), elk (Cervus canadensis),
and other herbivores (Collins 1977, Atamian et al. 2010). By stabilizing undercut banks and shading
streams, late-seral riparian plants help to maintain conditions required for persistence of cutthroat trout
(Oncorhynchus clarkii) and other cold-water fishes (Horan et al. 2000). Distribution of riparian ecosystems
is therefore important to watershed function and habitat connectivity in the Manti-La Sal National forest.

In western National Forests, riparian ecosystems are largely associated with floodplains (Cooper and
Merritt 2012). In general, floodplains of intermittent and perennial stream channels have surface flows
and groundwater adequate to support riparian vegetation. Most ephemeral channels, with surface flows
limited to periods of precipitation or snowmelt runoff and little to no connection with the groundwater, do
not support riparian vegetation (BLM 1993). Significant changes to surface flows and vegetation
communities have occurred throughout the arid West, leading to changes in distribution of riparian
ecosystems (Webb et al. 2007). A first step in assessing the current status of riparian ecosystems is
determining how current distribution differs from pre Euro-American conditions.

We used a combination of literature review and spatial data analyses to describe the character and
distribution of riparian ecosystems in each geographic area. We also used this information to determine
whether the current distribution is within, trending towards, or outside of its NRV at each LTA. Our
methods are described in Appendix 1.

Abajo Mountains, Mesas, and Canyonlands

This topographically diverse landscape consists of domed igneous mountains and sandstone cliffs,
mesas, and canyons. Approximately 300,000 acres of this area are included in the recently designated
Bear’s Ears National Monument (USFS 2016). The Abajo Mountains are composed of two unequal parts,
both domed igneous mountain groups (Kilbourne 2016 Witkind 1964). The smaller Shay Mountain in the
north is separate from the more southern, main mountain masses that include Abajo Peak (Witkind 1964).
Both groups are surrounded by sedimentary rocks that are highly dissected at their base (Kilbourne
2016). There are 10 LTAs in this region and they are subdivided into the Abajo Mountains types in the
northeast and the Mesas and Canyons types in the west.

Riparian vegetation types vary with elevation and geological setting in the Abajo Mountains, Mesas, and
Canyons. A relatively small proportion of streams are perennial, (0-17% among LTAs) and intermittent
streams and spring are scattered, resulting in a similarly scattered distribution of riparian ecosystems
(Figure 1). In general, conditions for riparian tree-dominated communities exist at lower elevations where
alluvial channels form and surface and groundwater support narrowleaf cottonwoods (Populus
angustifolia) and other deciduous trees. Gregory (1938) states that “Cottonwoods grow in the alluvial soil
of most canyon bottoms” and “on the floors of the long dry washes leading from the Abajo Mountains and
Elk Ridge, cottonwoods standing alone or with a few companions extend their friendly branches as
protection from the scorching sun. Many of them are old gnarled trees with trunks 4 to 6 feet in diameter.
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The piles of driftwood along these streams consist chiefly of cottonwood.” Other riparian trees noted by
Gregory (1938) were boxelder (Acer negundo), alder (Alnus spp.), and scrub maple (Acer spp.). Willows
(Salix spp.), rushes (Juncus spp.), and sedges (i.e. Carex spp.) were noted to grow “wherever there is
water, regardless of altitude and soil”. In general, area of woody riparian vegetation is greater in the
Mesas and Canyons LTAs than in the Abajo Mountains LTAs (Table 2). Conditions for herbaceous-
dominated riparian communities are present where plants can access surface flows or groundwater.
These sites occur from swampy headwaters of Abajo Mountains streams to the lower reaches of the Dark
Canyon Wilderness.

Extent of riparian vegetation, an indicator of riparian ecosystem distribution, is limited by diversions of
surface flows in the Abajo Mountains. These diversions provide the municipal water supply for the towns
of Blanding and Monticello (USFS 2005). Springs have been developed for livestock use throughout
these mountains as well, likely contributing to reduction in riparian extent. These reductions are minimal
relative to other geographic areas, so we determined distribution of riparian ecosystems to be within or
trending towards the NRV in the Abajo Mountains LTAs. There are fewer water developments in the
Mesas and Canyons LTAs and, as a result, the KEC is within the NRV throughout these types (Table 2).

.
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Figure 1. Distribution of field-sampled and aerially mapped riparian vegetation in the Abajo Mountains,
Mesas, and Canyons
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La Sal Mountains and Borderlands

The La Sal Mountains and Borderlands area is centered on an isolated mountain range in eastern Utah.
The area is divided into two distinct types of LTAs. The high elevation, La Sal Mountains LTAs include
igneous mountains that were shaped by glaciers, leaving behind alluvial fans with glacial moraines.
Surrounding the mountains are the Borderlands LTAs, which are dominated by glacial rock debris, alluvial
fans, and sandstone mesas, subject to stream erosion. The high elevation environments of the La Sal
Mountains are rare, representing one of the few true alpine communities in the region and their presence
has large influences on surface and groundwater systems.

A variety of riparian ecosystems are found along the streams that radiate from the La Sal peaks. These
ecosystems include herbaceous-dominated wetland communities at high elevations, canyon-bound
streams with shrub- and tree-dominated riparian stands, and small streams that are stabilized by willows,
sedges, and other riparian plants (Table 2). Mid-elevation canyons contain mixtures of deciduous shrubs
and coniferous trees, which are often unmapped as riparian ecosystems, even along perennial streams.
Lower elevation alluvial floodplains in areas such as Beaver Creek Canyon and Roc Creek Canyon
support extensive stands of riparian forests dominated by cottonwoods, alder, boxelder, and other woody
species.

Extent of riparian ecosystems in La Sal Mountains and Borderlands is limited by diversions, spring
developments, and livestock grazing (MLSNF 2006). Status of this KEC was variable among the LTAs in
this area, indicating the patchy nature of anthropogenic effects on streams (Table 2).

I willow Dominated Riparian Area
[ 7‘ Aerially Mapped Vegetation

. I Intermittent/Perennial Wetland
4“& - - Shrub Dominated Riparian Area
w E = B s
(JX ‘ Al I Tree Dominated Riparian Area

Figure 2. Distribution of field-sampled and aerially mapped riparian vegetation in the La Sal Mountains and
Borderlands
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Table 2. Area of aerially mapped riparian vegetation, area of field-sampled riparian vegetation types, and
status of distribution of riparian ecosystems (DRE) in each south zone landtype association (LTA). Statuses
are Within = within the natural range of variation (NRV), TT = trending towards the NRV, Outside = outside of

the NRV, and Il = insufficient information.
Aerially FIoo_deain Intermittent | Perennial Sh'rub- Tr_ee- WiI'Iow-
LTA LTA Mapp‘ed Field- Wetland Wetland do_mlnfclted do_mln_ated do_mmgted DRE
Acres Riparian sampled Acres Acres Riparian Riparian Riparian Status
Acres Acres Acres Acres Acres

A_LTAG1 2,9317 1.3 11.8 0 0.5 0 5.1 6.2 Within
A_LTAG2 8,149 0 0 0 0 0 0 0 Il
A_LTAG3 54,199 74.4 63.7 18.2 0 20.3 23.8 1.4 TT
A_LTAG4 5,632 0 11.7 7.7 0.6 0 0 3.4 Within
A_LTAGS5 11,567 20.7 19.3 1.5 0 17.2 0.6 0 TT
MC_LTAG1 34,483 2.8 45.7 0 0 18.5 26.6 0.7 Within
MC_LTAG2 42,480 114 31.8 0.8 0 9.3 21.1 0.6 Within
MC_LTAG3 101,441 44.8 106.1 51 3.9 47.9 48.5 0.6 Within
MC_LTAG4 69,664 12.6 375 0.1 0 3.3 34.2 0 Within
MC_LTAGS5 5,233 126.9 161.5 41.5 0 71.2 42.0 6.9 Within
LSM_LTAG1 15,097 0.2 2.8 0.1 0.2 2.6 0 0 Within
LSM_LTAG2 23,498 0 9.2 8.6 0.6 0 0 0 T
LSM_LTAG3 8,901 0 0 0 0 0 0 0 Il
LSMB_LTAG1 4,558 0 0 0 0 0 0 0 1
LSMB_LTAG2 28,124 15.6 135 1.1 0 12.4 0 0
LSMB_LTAG3 9,959 47.2 40.2 0 0 17.4 22.9 0
LSMB_LTAG4 15,093 6.7 13.9 0 3.0 0 2.7 8.2
LSMB_LTAG5 7,206 10.4 13.0 0 0 0 13.0 0
LSMB_LTAG6 33,671 12.6 3.8 3.8 0 0 0 0 Within
LSMB_LTAG7 4,375 0 0 0 0 0 0 0
LSMB_LTAGS8 13,067 92.9 94.6 0 0 14.7 79.8 0
LSMB_LTAG9 8,043 25 0 0 0 0 0 0 Within
LSMB_LTAG10 2,538 20.3 83.4 0 5.3 10.9 49.9 17.3

San Pitch Mountains

The San Pitch Mountain region is part of the Gunnison Plateau, which has a complex geology affected by
thrust faults and salt structures. There are 6 Land Type Associations (LTAS) in this region and they are
grouped by location as those on the western front, eastern front, and central plateau (Kilbourne 2016).
The major stream drainages of the western front include Chicken, Pigeon, and Deep Creeks. There are
few streams that drain eastward into the San Pitch River. The central plateau has generally gentle
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topography, but the northern end is dissected by steep ridges and canyons. Many streams of the western
front have their headwaters in the central plateau (Kilbourne 2016).

Perennial streams and intermittent streams with riparian vegetation are relatively limited in San Pitch
Mountains. Several perennial streams are diverted near the forest boundary and these diversions have
likely decreased the extent of riparian ecosystems (Kuehn 1984). Woody-dominated riparian ecosystems
are scatted among canyons on the east and west side of the mountains, and at headwater streams in the
central portion of the range. Narrowleaf cottonwoods dominate riparian stands in lower canyons where
perennial and intermittent flows occur. Willows and other shrubs are present in the upper portions of
these streams. We determined that distribution of riparian ecosystems is trending towards its NRV in five
of the six LTAs in the San Pitch Mountains. This KEC is outside of its NRV at an LTA on the western
front, where several streams are diverted for irrigation and municipal use (Kuehn 1984, MLSNF 2006).

Wasatch Plateau

The Wasatch Plateau region is a highland in central Utah that represents a transition between the
Colorado Plateau to the east and the Great Basin to the west. There are 16 LTAs in this region, which
can be grouped as the western front (Wasatch Monocline), the central plateau, the eastern escarpment,
and the north end (Kilbourne 2016). The western front is composed of sedimentary rock formations that
are steeply tilted and cut by several north-south trending faults. The central plateau consists of north-
south trending mountains with historic glaciation and fault valleys that separate a high mountain block to
the west from a lower mountain block to the east. The eastern escarpment consists of steep and barren
shale slopes that lead up to sandstone cliffs all with sparse vegetation. The north end tilts downward with
vegetation typically changing with elevation. Parts of the north end are isolated canyons, ridges, and
rocky buttes that have formed along eroded salt anticlines and fault systems (Kilbourne 2016).

The Wasatch Plateau, the largest of the forest’s geographic areas, has a large variety and area of riparian
ecosystems (Table 3). Herbaceous-, shrub-, and tree-dominated riparian areas are located throughout
the central plateau. Tree- and shrub-dominated stands are located along streams and in canyon draining
the western front, eastern escarpment, and north end (Figure 3). Anthropogenic effects on streams are
numerous and varied as well (PREC 2016, SRCD 2016). We determined that LTAs in the north end of the
plateau are within the NRV of riparian ecosystem distribution, but LTAs of the central plateau, Wasatch
Monocline, and eastern escarpment are either within, trending towards, or outside of the NRV. Likely
causes of departure include diversions, reservoirs, spring developments, and long-term effects of
livestock grazing (MLSNF 2006).
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Figure 3. Distribution of field-sampled and aerially mapped riparian vegetation in the San Pitch Mountains
and Wasatch Plateau
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Table 3. Area of aerially mapped riparian vegetation, area of field-sampled riparian vegetation types, and
status of distribution of riparian ecosystems (DRE) in each nouth zone landtype association (LTA). Statuses
are Within = within the natural range of variation (NRV), TT = trending towards the NRV, Outside = outside of

the NRV, and Il = insufficient information.
Aerially Floqdplain Intermittent | Perennial Sh_rub- Tr'ee- WiI_Iow-
LTA LTA M_app_ed Field- Wetland Wetland do_mmgted do_mmgted do_mln_ated DRE
Acres Riparian sampled Acres Acres Riparian Riparian Riparian Status
Acres Acres Acres Acres Acres
SP_LTAG1 9,409 24.4 23.6 0 0 5.8 17.8 0 -
SP_LTAG2 12,155 7.2 3.0 0 0 0.02 2.9 0 TT
SP_LTAG3 16,530 7.4 5.8 0 0 0 0 5.8 TT
SP_LTAG4 22,995 0 12.7 0 0 0 0 12.7 TT
SP_LTAG5 10,620 0 4.9 0 0 0 4.9 0 TT
SP_LTAG6 2,842 0 13.7 0 0 0 8.3 55 TT
MSL_LTAG1 13,223 0 26.1 0 0 0 26.1 0 Within
WP_LTAG1 28,884 4.7 121.0 0 6.6 1.2 1125 0.6 -
WP_LTAG2 207,359 58.0 89.0 19.9 15.2 0 35 50.5 Within
WP_LTAG3 31,716 5.4 30.5 30.5 0 0 0 0 Within
WP_LTAG4 41,910 35 12.6 0 6.3 0 0 6.3 -
WP_LTAG5 40,925 0 51.5 13.2 12.8 0 0 25.4 Within
WP_LTAG6 47,993 6.0 4.5 2.5 1.9 0 0 0.2 TT
WP_LTAG7 34,443 1.9 18.4 0 0 0 0 18.4 TT
WP_LTAGS8 29,361 83.0 719.6 5.3 284.0 76.8 39.2 314.4 TT
WP_LTAGY 38,156 404.0 213.7 5.1 0 0 208.6 0 -
WP_LTAG10 74,891 215.7 516.6 82.9 168.9 3.1 0.6 261.1 Within
WP_LTAG11 78,531 137.3 145.6 0 3.1 0 95.7 44.5 Within
WP_LTAG12 14,571 66.1 42.1 0 0 0 42.0 0.14 Outside
WP_LTAG13 45,169 103.0 104.3 0 0 0 0 104.3 TT
WP_LTAG14 16,644 8.1 21.7 0 0 0 21.7 0 Within
WP_LTAG15 27,464 106.3 86.8 3.4 0.1 0 70.2 131 Within
WP_LTAG16 16,437 90.9 74.0 10.2 0.1 0 56.5 0 Within

2. Groundwater and Surface Water Fluctuations

Fluctuations in groundwater and surface water is a key ecosystem characteristic that influences the
structure and function of all riparian and aquatic systems. The depth to groundwater and changes in
water table levels have impacts on the distribution, growth, survival, and composition of plant
communities (Junk et al. 1989; Stanford et al. 2005). A stream’s natural flow regime includes the timing,
frequency, magnitude, rate of change, and duration of flooding events (Poff et al. 1997). High flows are
critical disturbances that maintain diverse aquatic and terrestrial habitats, allow for the exchange of
material and energy between a stream and its floodplain, and recharge hyporheic and groundwater
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systems (Junk et al. 1989; Poff et al. 1997; Stanford et al. 2005). The life histories of many plant and
animal species have evolved with natural ground and surface water cycles and rely on reliable and
predictable fluctuations (Stanford et al. 2005). Groundwater systems rely on infiltration from rainstorms
and snowmelt to recharge aquifers that slowly release discharge to surface water systems, maintaining
base flows throughout the year. The natural flow regimes of both groundwater and surface water systems
on the Manti-La Sal National Forest are driven by temperature and precipitation as well as the geologic
setting. With climate change, average temperatures across the forest have increased in all four seasons.
On average, precipitation has decreased during winter and spring months and increased during summer
and fall. Reduced snowpack, more precipitation in the form of rain, and earlier melt off across the forest
have likely resulted in the changes to the natural hydrologic regimes of ground water and surface water
systems. Natural groundwater and surface water fluctuations are strained by these changes in
temperature and precipitation regimes, and therefore any additional stressors, such as mining, diversions,
or dams act cumulatively and build on the initial force of climate change.

We evaluated drivers and stressors of groundwater and surface water fluctuations using information and
data that were available for geographic areas and LTAs. Our methods are described in Appendix 2.

Abajo Mountains, Mesas, and Canyons

The climate of the Abajo Mountain region is somewhat typical of the forest. Higher elevation LTAs are
comparatively wet and cool, while the surrounding low altitude canyons and valleys have semi-arid to arid
climates (Weir et al. 1983). At high elevations, average annual precipitation can exceed 30 inches, which
is approximately equal to potential evapotranspiration (Weir et al. 1983). In the mesas and flatlands,
average annual precipitation ranges from 7.9 to 9.8 inches, however potential evapotranspiration is
estimated to be 41 to 47 inches per year (Weir et al. 1983). Most of the precipitation in this region occurs
above 8000 feet and about 5 to 15 percent recharges to bedrock aquifers. Comparatively, an estimated 1
to 3 percent of the mean annual precipitation in lower elevation arid lands infiltrates to groundwater
systems (Weir et al. 1983; Spangler et al. 1996).

Many perennial streams form in swampy meadows and talus slopes high in the Abajo Mountains
(Gregory, 1938). The flow regimes of these streams include seasonal peak flow from melting snow,
typically occurring between April and June (Witkind 1964). Rock glaciers have historically been present in
this region (Witkind, 1964). These features supply a constant source of water as they gradually melt
throughout the summer. Additionally they act as an impervious surface that limits infiltration and causes
higher flows in surface water systems (Geiger et al., 2014). Discharge from groundwater systems via
springs is most abundant during early summer months, with many sources drying up during the drier
period (Witkind 1964). Perennial springs that provide a water source to surface water systems during drier
periods tend to be well known and used for human consumption (Witkind 1964). Many springs in this
region discharge from Dakota Sandstone and the Burro Canyon Formation. These springs occur at higher
altitudes, are generally perennial, and have an average discharge of about 19 gallons/minute (Weir et al.
1983).

Flow patterns and infiltration capacity are controlled by underlying geology of the region. In the Abajos,
these patterns are driven by contacts between more and less permeable substrates. Most springs
discharge from sandstone aquifers, such as the Burro Canyon Formation (Weir et al. 1983). Examples
have been documented along canyon walls where more permeable rocks overlie beds with less
permeability, with fractures acting as a control point for discharge (Weir et al. 1983).

11
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The Abajo Mountain region has been less affected by changes in temperature and precipitation regimes
than the Wasatch Plateau or the La Sal Mountains. Average winter temperatures have increased by
about 1 °C and winter precipitation has not significantly changed. Winter precipitation in the form of snow
is especially important for recharging groundwater systems and generating spring flood pulses to surface
water networks. Because precipitation in winter hasn’t experienced major changes, this LTA is somewhat
more robust to additional stressors. However, dams, roads, mines, and vegetation mortality due to insect
and disease have pushed some LTAs to trending toward or outside of the NRV (Table 4). Because
climate change has had limited impacts in this LTA, some projects that mitigate impacts from the
additional stressors may improve the function of groundwater and surface water fluctuations in the Abajo
Mountain region.

Table 4. Stream miles, stressors, and status of groundwater and surface water fluctuations in the south zone
landtype associations (LTAs). Statuses are Within = within the natural range of variation (NRV), TT = trending
towards the NRV, Outside = outside of the NRV, and Il = insufficient information.

Percent

Number | Deviation in Deviation in

LTA S,\t,[ﬁ:g] oflaitlr:;am gili/rgrbs?(;r?; of Winter V\(in_ter' KEC Status
Perennial Dams Temperature | Precipitation

A_LTAGL 104.3 17% 89 2 1.37 0.12 In
A_LTAG2 318 0 2 0 0.90 -0.05 Within
A_LTAG3 283.8 5% 94 32 1.30 -0.09 _
A_LTAG4 33.9 5% 17 2 1.36 o011 [NCHSEEN
A_LTAGS 64.8 5% 2 5 112 0.08 T
MC_LTAG1 212.0 <1% 8 3 0.96 -0.06 Within
MC_LTAG? 125.0 1% 4 3 0.98 -0.06 Within
MC_LTAG3 294.2 2% 17 12 1.10 0.07 T
MC_LTAG4 381.9 2% 0 1 1.02 -0.06 Within
MC_LTAGS 88.7 1% 13 0 0.84 0.04 Within
LSMLTAG1 49.2 17% 78 0 1.27 037 _
LSMLTAG2 71.3 14% 16 5 1.27 037 [NCUSEEN
LSMLTAG3 8.7 0 4 2 1.27 o037 [CISEEN
LSMBLTAGL 10.0 0 4 1 1.27 037 I
LSMBLTAG2 87.5 3% 67 18 1.27 037 _
LSMBLTAG3 46.0 17% 16 1 1.27 037 _
LSMBLTAG4 98.7 2% 41 1 1.08 0.28 T
LSMBLTAG5 29.0 11% 72 3 1.27 o037 [
LSMBLTAG6 77.4 4% 12 21 1.26 o037 [NCHSEE
LSMBLTAG? 113 0.0 0 0 1.27 037 T
LSMBLTAGS 56.0 39% 14 2 1.27 037 _
LSMBLTAGO 32.7 10% 2 7 1.20 037 _
LSMBLTAGL10 22.9 23% 48 3 1.27 037 _

La Sal Mountains and Borderlands
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In the high elevation La Sal Mountains, groundwater and surface water fluctuations are primarily driven by
geology and precipitation. Historic glaciation has shaped the current landscape leaving a complex mix of
bedrock and unconsolidated deposits including glacial, mass wasting, and paleo alluvium (Kolm and van
der Heijde, 2016). This setting results in a high degree of connectivity between surface and ground water
systems (Weir et al., 1983). Hydrostructures are located at geologic faults and fractures, preferentially
routing groundwater vertically and laterally (Kolm and van der Heijde, 2016). Where pathways are
restricted groundwater discharges to streams or springs and enhances surface water flows (Weir et al.,
1983). The borderlands are composed of sandstone mesas and canyons surrounding the La Sal
Mountains, many with markedly different hydrologic regimes from the high altitude LTAs. The watersheds
of the lower elevations are topographically separated by geologic structures including collapsed
anticlines, the La Sal Mountain Tertiary intrusives, and local bedrock uplands (Weir et al., 1983; Kolm and
van der Heijde, 2016). These geologic features disrupt hydrologic connectivity, creating discrete and
localized groundwater systems, springs, and connections to surface water systems that are disconnected
from adjacent watersheds (Weir et al., 1983; Kolm and van der Heijde, 2016).

Average annual precipitation ranges from 7.9 inches/year in the borderlands to 39.4 inches/year in the
alpine environments. High potential evapotranspiration (41 to 47 inches/year) in the mesas and flatlands
generates arid climates with little recharge potential. In contrast, low potential evapotranspiration (23.6
inches/year) at high altitudes creates humid climates with excellent natural recharge potential from
snowmelt and rain (Weir et al., 1983). Surface and groundwater fluctuations in the La Sal Mountains and
surrounding borderlands are driven by snowmelt and intense summer and autumn rainstorms that are
typically limited in their areal extent (Kolm and van der Heijde, 2016). Hydrologic regimes in this region
are also impacted by the presence of rock glaciers in some drainages. In rock glaciated basins, flood
peaks are delayed following precipitation and total surface runoff is greater when compared to un-
glaciated systems (Geiger et al., 2014).

Groundwater and surface water fluctuations in the La Sal Mountain region show impacts from a variety of
stressors including installation of dams and diversions, construction of roads, timber harvest, wildfire,
conifer encroachment, insects & disease, recreation, livestock grazing, and climate change. While many
of these stressors are common across the forest, some are particularly apparent in the La Sal region. An
historic clear cut on state lands in the upland watersheds of some LTAs in this region has contributed to
degradation of downstream landscapes. Mortality due to insects and disease is especially prevalent in
this region. Out of all the LTAs on the forest, four of La Sal LTAs are ranked highest for percentage of
land cover affected by insect and disease. Lastly, impacts from climate change have altered natural flow
regimes throughout the La Sal region. The average winter temperature has increased by 1.25 °C and the
average winter precipitation has decreased by more than 0.35 inches. Disappearance of glaciers,
including rock glaciers, has altered the amount of groundwater recharge and surface runoff as well as the
timing of high and low flows (Geiger et al., 2014).

San Pitch Mountains

Fluctuations in ground and surface water throughout the San Pitch Mountains is driven by climate and
geology. Annual fluctuations in water levels in this region are closely tied to annual precipitation, with
regular high flows and infiltration occurring during snowmelt runoff in the spring and declining flows in
channels and from springs throughout the rest of the year (Wilberg and Heilweil 1995). The average
annual precipitation in the San Pitch Mountains ranges from 14 to 25 inches and the largest amount
occurs as snow from November through April (Robinson 1971). Summer months tend to be the driest
periods of the year, however heavy, localized thunderstorms can be significant precipitation events. Most
of the snow that accumulates in the mountains over winter reaches lower elevations in the form of runoff
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from snowmelt or as discharge from springs along the mountains sides (Bjorkland and Robinson 1968).
At lower elevations, evaporation exceeds annual precipitation by about 3.5 times (Robinson 1971),
resulting in arid and semi-arid conditions. At higher elevations, the climate is subhumid and allows for
recharge of groundwater systems. Monitoring of wells show that groundwater fluctuations closely follow
climatic cycles and that long term trends in water levels have remained fairly constant since the USGS
started monitoring wells in 1935 (Wilberg and Heilweil, 1995).

The San Pitch Mountains have complex geology that influences the infiltration of water to groundwater
systems, flow routes, and discharge of groundwater to surface water systems. The major geologic
formations in this region is the Indianola Group along the central plateau and in the north, the Colton
Formation in the south east portion of the mountains, and Arapien shale in the west. The Indianola Group
is made up of red conglomerate, sandstone and siltstone. It is moderate to highly permeable in sandstone
units and along fractures and joints. Groundwater in this region is recharged through the Indianola Group
and it yields large amounts of water to springs and creeks in several drainages (Robinson 1971; Wilberg
and Heilweil 1995). Water that drains to basins on either side of the San Pitch Mountains typically falls as
snow or rain in the high elevations and on the western front, seeps into the Indianola Formation, and
migrates along the southeastward-dipping rocks (Robinson 1971). Several large springs, including Big
Springs, discharge from the Indianola Group at points of contact between the Indianola Group and
Arapien Shale (Bjorkland and Robinson 1968; Robinson 1971). Arapien shale is less permeable than the
Indianola Group and upstream canyons are generally steeper than those downstream. Combined, the
change in permeability and hydraulic gradient forces groundwater to discharge to surface water systems
(Bjorkland and Robinson 1968). These points occur in the Fourmile, Pidgeon, Chicken, Deep, Little Salt,
and Criss drainages. Average discharges from these springs ranges from 200 to 900 gallons per minute
(Bjorkland and Robinson 1968). The Colton Formation, exposed in the central and southern San Pitch
Mountains, is composed of shale, sandstone, and siltstone (Robinson 1971). It has low permeability and
limits groundwater recharge and flow to fracture zones (Bjorkland and Robinson, 1968).

Climate change has altered temperature and precipitation regimes of the San Pitch Mountain region to a
limited extent. Average winter temperatures have increased by less than 1 “C and winter precipitation has
increased by 0.56 inches. Additional stressors in this region include dams, diversions, high severity burns,
roads, insect and disease, and mining. However, these unnatural forces are very limited in their effects.
The density of dams and diversions are the lowest across the forest, which is also true for density of
roads and the percentage of land affected by vegetation mortality from insects and disease. This region
has experienced more high-severity burns than any other region, but they still only affect about 4% of the
landscape. Lastly, this region has the lowest density of mines on the Manti-La Sal National Forest. With
the limited effects of stressors, several San Pitch Mountains LTAs are listed as within NRV (Table 5).

Wasatch Plateau

Surface and groundwater fluctuations in the Wasatch Plateau are driven by geology and climate. The
highlands are mostly composed of sedimentary geologic units, the weathering of which as created rugged
mountainous terrain dissected by deep canyons (Danielson and Sylla, 1983). The beginning of the
lowlands are marked by outcrops of Mancos shale that appear along streams several miles upstream
from the mouths of most canyons (Waddell et al., 1981). The Blackhawk Formation, which is part of the
Mesaverde Group, overlies the Mancos Shale. It is composed of sandstone, shale, and is the most
important coal-producing formation in Utah (Waddell et al., 1981). The shales found in these formations
are typically easily erodible, contain large amounts of soluble salts, and have low permeability (Waddell et
al., 1981). The North Horn Formation and Flagstaff limestone overlay the Mesaverde group. This geologic
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unit features fractures and solution openings with high hydraulic diffusivity and it is the source for most
groundwater discharge (Waddell et al., 1986).

The climate of the Wasatch Plateau ranges from semiarid to subhumid. Precipitation general increases
with altitude and can average more than 40 inches along the crest of the plateau. Summers are typically
dry, with 4 to 10 inches of precipitation falling from May to September (Danielson and Sylla, 1983).
Summer precipitation tends to come in the form of erratic and localized thunderstorms of short duration
(Danielson and Sylla, 1983). Approximately 70 percent of the average annual precipitation or 6 to 30
inches falls from October to April (Danielson and Sylla, 1983; Waddell et al., 1986). At high altitudes,
snow accumulates to depths of several feet, with the April 1 snowpack at Buck Flat averaging more than
4 feet in depth (Danielson and Sylla, 1983). Snowmelt in spring and early summer provides the primary
input of water to surface and groundwater systems in the Wasatch Plateau (Danielson and Sylla, 1983).

In the Wasatch Plateau region, only 5 to 29% of precipitation on a drainage basin becomes streamflow
(Danielson and Sylla, 1983). Most of the remaining water is lost to evapotranspiration and only a small
percentage recharges to groundwater (Danielson and Sylla, 1983). Recharge potential varies throughout
the region based on water content of snowpack, exposure, surface relief, and rock permeability
(Danielson and Sylla, 1983). Because shale beds are impermeable, erodible, and their salts limit plant
growth, precipitation tends to run off directly to streams and infiltration to groundwater systems is limited
in shale dominated drainages (Waddell et al., 1981; Danielson and Sylla, 1983). Recharge potential is
greater where Flagstaff limestone is present because its fractures and solution openings provide storage
for large volumes of groundwater (Danielson and Sylla, 1983). Locations like on top of North Horn and
Ferron mountains have low surface relief, which slows snowmelt runoff and allows more water to infiltrate
groundwater systems (Danielson and Sylla, 1983). Likewise, in places like South Horn Mountain, solar
radiation and wind decrease the amount of groundwater recharge despite the flat land surface (Danielson
and Sylla, 1983).

In the Wasatch Plateau, groundwater moves from areas of infiltration at higher altitudes through a system
of flow paths generally associated with faulting (Waddell et al., 1986) to locations of natural and
manmade discharge (Danielson and Sylla, 1983). The majority of groundwater discharge originates from
where the Flagstaff limestone meets the North Horn Formations (Danielson and Sylla, 1983, Waddell et
al., 1986). Rapid responses of natural groundwater discharge to changes in recharge indicate that water
moves quickly through these groundwater systems. Fractures and solution openings in limestone fill with
snowmelt each spring and release this water through springs at a decreasing rate throughout the year
(Danielson and Sylla, 1983). These springs, as well as seeps in valley walls, maintain base flows in
streams during the drier months (Waddell et al., 1986), discharging a range of 0 to 1080 gallons per
minute (Waddel et al., 1981). As for surface water, 50 to 70 percent of streamflow occurs from May to
July from melting snow (Waddel et al., 1981). There are additional hydraulic connections between surface
and groundwater systems, with evidence of small gaining and losing reaches that cross the Blackhawk
Formation (Danielson and Sylla, 1983).

Decades of intense grazing and the following restorative efforts have transformed the landscapes,
floodplains, stream channels, and sediment sources of the Wasatch Plateau. Grazing in the alpine
meadows of this region was so intense that townsfolk could count sheep herds from ten miles away by
the plumes of dust trailing the herds (Hall, 2001). Studies show that heavy grazing in a watershed in this
region led to a transition from a fairly stable landscape to a serious flood source (Meeuwig, 1960).
Furthermore, grazing exclusion does not satisfactorily reduce erosion and flooding. Watersheds require
restoration to return to a stable state that can support some degree of controlled grazing (Meeuwig,
1960). Hall (2001) argues that today’s plateau is rehabilitated, but not restored and that more work is
required to counteract the negative impacts of overgrazing.
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There is an extensive network of dams and diversions in the Wasatch Plateau and several large
reservoirs. Examples of these alterations are observed in the Huntington Creek system (Winget, 1984). In
this drainage, the construction of the Electric Lake Dam lead to deposition of fine sediments and an
unbalance between water and sediment sources. Additionally, the Huntington River flow regime changed
from a snowmelt dominated runoff to a regulated flow pattern, with the timing of peak flow changing from
spring to late summer (Winget, 1984).

Underground coal mining has impacted channel morphology and sediment dynamics in the Wasatch
Plateau in various ways. Studies have shown increases in the lengths of cascades and glides, increases
in pool length, numbers and volumes, an increase in the median particle diameter of bed sediment in
pools, and some constriction in channel geometry (Sidle et al., 1998). Coal mining has also been
associated with debris slides and rockfalls in the Wasatch Plateau. These events have resulted in the
deposition of sediment, boulders, and trees in streams (Slaughter et al., 1995).

The effects of climate change are evident in the Wasatch Plateau. The average winter temperature of the
Wasatch Plateau has increased by 1.47 °C and the average winter precipitation has decreased by more
than 0.35 inches. Because the effects of climate change are especially apparent in this region and there
are multiple additional stressors, groundwater and surface water in many of their LTAs are functioning
outside their natural range of variation. This region may require more specific planning to mitigate the
effects of climate change on groundwater and surface water resources.

For the Manti-La Sal National Forest the status of groundwater and surface water fluctuations in terms of
the natural range of variation come down to the cumulative effects of multiple stressors on top of impacts
from climate change. Planning for changes in temperature and precipitation regimes, accompanied by
efforts to restore or mitigate additional stressors like dams, diversions, insects and disease, grazing, high-
severity fire, and roads will be important for limiting further changes to natural groundwater and surface
water fluctuations.
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Table 5. Stream miles, stressors, and status of groundwater and surface water fluctuations in the north zone
landtype associations (LTAs). Statuses are Within = within the natural range of variation (NRV), TT = trending

towards the NRV, Outside = outside of the NRV, and Il = insufficient information.
percent Number | Deviation in Deviation in
Stream of Stream | Number of

LTA . h . - of Winter Winter KEC Status
Miles Miles Diversions L
Dams Temperature | Precipitation

Perennial

SP_LTAG1 104.3 17% 24 1 1.01 0.28 T
SP_LTAG?2 318 0% 18 0 0.96 0.63 Within
SP_LTAG3 283.8 5% 10 0 0.96 0.63 Within
SP_LTAG4 33.9 5% 4 0 0.96 0.63 Within
SP_LTAGS 64.8 5% 5 0 0.66 0.57 Within
SP_LTAG6 212.0 <1% 16 0 0.96 0.63 Within
MSL_LTAG1L 125.0 1% 26 2 117 025 T
WP_LTAGL 204.2 2% 180 10 1.18 -0.06 T
WP_LTAG2 381.9 2% 1121 43 1.52 -0.36 _
WP_LTAG3 88.7 1% 19 16 1.34 o018 [CUSEENN
WP_LTAG4 492 17% 317 9 1.55 -0.39 _
WP_LTAG5 71.3 14% 372 19 1.58 -0.45 _
WP_LTAG6 8.7 0 288 27 1.58 o045 [CIEEENN
WP_LTAG? 10.0 0 155 36 1.58 -0.45 _
WP_LTAGS 87.5 3% 408 14 1.56 o042 [
WP_LTAGY 46.0 17% 203 9 1.42 -0.37 _
WP_LTAG10 98.7 2% 876 27 1.58 045 |NGUSHENN
WP_LTAG11 29.0 11% 557 27 1.58 045 [HNNCUSEENNN
WP_LTAG12 77.4 4% 73 8 1.58 045 [NCUSEENNN
WP_LTAG13 113 0 162 14 1.27 -0.29 T
WP_LTAG14 56.0 39% 36 2 1.54 037 _
WP_LTAG15 32.7 10% 118 5 1.39 -0.20 _
WP_LTAG16 22.9 23% 48 1 1.60 -0.40 _

3. Floodplain Condition

Channel, vegetation, and sediment dynamics influence the geomorphological form of floodplains. These
processes include the movement of sediment and water longitudinally downstream and laterally from the
river across the landscape. Diverse habitats overlay the floodplain template and their distribution is
controlled by patterns and processes occurring at various scales including flooding, channel avulsion, cut
and fill alluviation, wood recruitment, beaver (Castor Canadensis) activity, and regeneration of riparian
vegetation (Stanford et al. 2005). On the Manti-La Sal National Forest, the rates of these processes differ
based on geologic settings, stabilizing vegetation, natural flow regimes, presence of large woody debris,
and climate.
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Due to their dynamic nature and high productivity relative to upland ecosystems, floodplains are
especially vulnerable to colonization by invasive plants (Richardson et al. 2007). Invasive plants can
damage wildlife habitat, alter disturbance dynamics, and degrade soil and water quality in riparian and
wetland settings (Vitousek et al. 1996, Smith and Finch 2014). In coniferous-dominated landscapes, fire
helps to maintain natural riparian vegetation by preventing encroachment of upland species and
dominance by late-successional species (Kleindl et al. 2015). In low-elevation alluvial reaches, however,
fire can result in mortality of native trees and facilitate spread of invasives and upland species (Smith et
al. 2009).

We combined data from multiple analyses to evaluate condition of floodplains in the National Forest. See
Appendix 3 for a description of data and methods.

Abajo Mountains, Mesas, and Canyons

Stream channel structures depend on geologic setting, elevation, stream size, gradient, width of the
valley floor, and the number of intense rainstorms that occur in this area’s drainages (Gregory 1938).
When settlers arrived in the 1880s, stream channels in this region were described as “canyons floored
from wall to wall with level, fertile fields” with “clear streams flowing through willows and alders” (Gregory
1938). By the 1930s, the streams showed effects of land use change with these floodplains transitioning
to “washes floored with sand moved about by ephemeral streams and bordered by flat-topped banks of
alluvium” (Gregory 1938). Streams were described as “clear and cold mountain streams” that “rippled
down through ravines overhung by groves of willow, maple, and quaking aspen, (Populus tremuloides)
with splendid oaks and stately pines scattered over the uplands, and an abundance of rich, nutritious
grass everywhere.” Historically, the Abajo Mountains had dense cover of grasses and forests that
protected soils and decreased erosion (Gregory 1938), driving floodplain development and sediment
dynamics.

Most streams form in high elevation swampy meadows and talus slopes (Gregory, 1938). As creeks drain
the peaks of the Abajo Mountains, they create a highly dissected landscape with streams and floodplains
located deep in sandstone canyons. The laccolithic rocks of the Abajo Mountains are resistant to erosion
and generate little sediment input to high elevation streams (Graf, 1987). Alluvial fans surround the
Abajos to the south and east and stream channels tend to be more active and floodplains more complex
in this setting (Scott et al. 2005). Materials including sand, silt, and clay in alluvial valleys are easily
transported during spring runoff and summer thunderstorms, resulting in braided floodplains at low
elevations (Scott et al. 2005). The development of floodplains and sediment dynamics can be limited by
narrow canyon floors with little sediment storage capacity (Graf, 1987). The flow paths of drainages, as
well as sediment supply and depositional patterns have been highly effected by fault geometry throughout
the lower elevations of this region (Trudgill, 2002). Faulting has changed stream paths and gradients
causing localized depositional patterns to develop (Trudgill, 2002).

Channel and floodplain dynamism throughout the region can be limited or enhanced by the presence or
absence of stabilizing vegetation, large woody debris, and beaver activity. Historically, abundant riparian
shrubs and thick herbaceous layers stabilized banks with large root masses and dissipated energy in
streams to decrease erosion. Vegetative communities change with altitude, altering the inputs of large
woody debris to systems. Three ecological zones are present in the region (Witkind, 1964). At lower
elevations, the upper Sonoran zone is characterized by sagebrush flats and abundant pifion pine and
juniper. The transition zone is identified by open grass valleys and trees that include aspen, willow,
maple, alder, and cottonwood. It is common for these tree species to fall into creeks and create more
complex floodplains. Lastly, the high altitude boreal zone supports spruce and fir forests that are an
additional source of woody debris in stream channels (Witkind, 1964). Historically beaver were present in
the region, naturally engineering more complex channels (Gregory, 1938). Channel and floodplain
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structure, as well as sediment dynamics are especially sensitive in the Abajos and killing off of beavers
was noted to create far reaching changes (Gregory 1938). Beaver activity is still noted in some locations
and has benefited systems where it is present by stabilizing channels.

Floodplains in the Abajo Mountains show impacts from a variety of stressors including dams and
diversions, livestock grazing, wild ungulate browse, roads, recreation, and climate change. The systems
throughout this region are extremely sensitive to altered precipitation and the amount or type of plant
cover (Gregory 1938). Furthermore, Gregory (1938) noted that construction of dams and irrigation
ditches, beaver removal, and building of roads had far reaching changes to floodplain systems in the
Abajo Mountains. Channel development and sediment dynamics have been altered from closely adjusted
balances between aggradation and degradation. Additionally, overgrazing is a well-documented
disturbance in this region and has generated major changes in the amount of sediment present in
floodplains (Gregory, 1938), as well as channel structure. Recreational issued include disturbance to
floodplain vegetation resulting from off-road motorized vehicle use in the Dark Canyon Wilderness
following washouts on the Peavine Corridor road (MLSNF 2013). The cumulative effects of these
stressors are light relative to other geographic areas, however. We therefore determined that most LTAs
are trending towards the NRV of floodplain condition and one is within the NRV (Table 6).

La Sal Mountains and Borderlands

Floodplain dynamics of the La Sal Mountains and Borderlands are driven by diverse geologic settings,
ranging from high altitude bedrock outcrops to highly eroded sandstone mesas (Weir et al., 1983; Kolm
and van der Heijde, 2016). Channel dynamics in parts of the high elevations may be limited by colluvium
or bedrock controls. In these areas, floodplains are naturally narrow, discontinuous, or even non-existent
(Scott et al., 2005). In bedrock valleys, transport of sediment exceeds supply and alluvial material is
transported downstream and deposited in lower elevation LTAs. At lower altitudes in glacial moraine and
alluvial fans, channels are more active and floodplains tend to be more complex (Scott et al., 2005).
Streams in the lower elevations cut through shale and bank erosion is more prevalent (Scott et al., 2005;
Kolm and van der Heijde, 2016). The lowest reaches flow through valleys of alluvial material that is easily
transported during spring runoff and intense summer rainstorms. These reaches experience high
sediment loads, typically composed of sand, silt, and clay (Scott et al., 2005). The floodplains of the
lowest elevation LTAs are typically composed of low bars and active channels are usually braided (Scott
et al., 2005).

The development of complex channels in this region can be controlled by climate, stabilizing vegetation,
presence of large woody debris, and the size of valley bottoms. During cool and wet periods, valleys are
filled by deposition of alluvial sediments (Scott et al. 2005). Periods of deposition followed by dry climates
result in channels incising into the alluvial deposits, generally abandoning the previously constructed
floodplain (Scott et al. 2005). In unconfined reaches, cut and fill alluviation generate diverse habitat
patches across the floodplains of this region resulting in a mosaic of fluvial surfaces and vegetation
stands with varying age and composition (Scott et al. 2005). Vegetation then provides a source of large
woody debris that contributes to complex channels throughout this region and vegetation stabilized
stream banks that decrease erosion. In more confined, narrow valleys, sediment transport tends to be
greater than supply which can result in less complex floodplains. Historically infrequent, large-magnitude
flooding widened stream channels and disturbed river systems. These events were followed by decades
of channel narrowing and establishment of riparian vegetation across the newly created geomorphic
template (Scott et al., 2005).

La Sal Mountain floodplains have been altered from their historic conditions by many stressors including
livestock grazing, dams and diversions, construction of roads, beaver removal, recreation, timber harvest,
and wildfire. There are numerous effects from cattle grazing on floodplains including trampling banks,
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over-widening streams, a decrease in stabilizing vegetation, and unnatural sediment from trailing
(Thibault et al., 1999; George et al., 2002). Dams and diversions decrease the magnitude of flooding
events which are important for reworking the geomorphological template, connecting a stream to its
floodplain, and transporting sediment downstream (Winter et al., 1998). There are many examples of
roads that follow stream beds and cross floodplains throughout the La Sal region. The construction of
these roads may constrain floodplains, over-widen and decrease the depth of stream reaches crossed by
roads, and provide an unnatural source of fine sediment (Reid and Dunne, 1984; Forman and Alexander,
1998, Winter et al., 1998). Historically, beavers were present in the La Sal Mountains and they continue
to persist at lower numbers throughout the region (Muller and Sun, 2003). Construction of beaver dams
alters the timing and magnitude of flow regimes and creates complex channel structures (Naiman et al.,
1988). Hiking and ATV trails are unnatural sources of sediment and camping that occurs in floodplains
can alter streambanks, channel structure, and floodplain dynamics (Pickering et al., 2009). An historic
clear cut on state lands in the upland watersheds of this region has increased sedimentation and likely
altered the timing and magnitude of surface runoff that drives floodplain dynamics. Historic low severity
wildfires were natural disturbances to the La Sal Mountain region, however recent large, high severity
wildfires that burn entire watersheds can have major influences on flooding and sedimentation (Ice et al.,
2004, Doerr et al., 2006). Because of numerous stressors, we determined that floodplain dynamics were
outside of the NRV at three LTA and trending towards the NRV at seven LTAs (Table).

Table 6. Floodplain and channel stressors, floodplain condition (FC) status, and channel and streambank
stability (CBS) status at south zone LTAs. Statuses are Within = within the natural range of variation (NRV),
TT = trending towards the NRV, Outside = outside of the NRV, and Il = insufficient information.

Percent in Invasi\_/e Road Percent Percent I;’)irrcneer:jt CBS
LTA Grazing Acres in Miles Rqad Miles | with high with high FC status status
Allotment | Floodplain Unimproved | fuel loads severity
A_LTAG1 69% 0 23.7 94% 7% <1% TT TT
A_LTAG2 100% 0 0.0 100% 42% 0 Il Il
A_LTAG3 97% 236.1 191.6 89% 43% <1% TT 1
A_LTAG4 95% 23.4 14.8 60% 23% <1% TT 1l
A_LTAG5 100% 0 10.5 96% 32% 0.0 TT Il
MC_LTAG1 100% 3.6 55.4 95% 44% <1% TT 1
MC_LTAG2 99% 3.7 82.1 97% 35% 1% Within Il
MC_LTAG3 100% 6.7 255.3 94% 31% 1% TT TT
MC_LTAG4 100% 56.4 15.9 83% 34% <1% TT Il
MC_LTAG5 100% 83.0 14.6 97% 43% 0.0 TT Within
LSMLTAG1 98% 5.8 24.1 42% 19% 1% TT TT
LSMLTAG2 83% 24.8 26.8 76% 5% <1% T Il
LSMLTAG3 68% 0 0.5 100% 2% 0.0 1 1
LSMBLTAG1 100% 0 13.6 55% 46% 0.0 Il Il
LSMBLTAG2 96% 0 99.8 87% 58% 3% TT 1
LSMBLTAG3 98% 0.9 26.4 78% 40% 0.0 T Il

LSMBLTAG4 93% 32 454 86% 49% 0.0 --

LSMBLTAG5 81% 15 18.4 54% 49% 0.0 - TT

LSMBLTAG6 97% 59.0 124.2 86% 55% 8% --

LSMBLTAG7 100% 0 4.8 100% 52% <1% Il Il
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. . Percent
Percent in Invasive Road Percent Percent burned CBS
LTA Grazing Acres in : Road Miles | with high . ; FC status
. Miles . with high status
Allotment | Floodplain Unimproved | fuel loads .
severity
LSMBLTAGS8 100% 2.0 20.5 100% 51% 3% TT Il
LSMBLTAGY 100% 0 11.4 86% 52% 8% TT 1]
LSMBLTAG10 71% 0.7 13.6 71% 51% <1% TT Il

San Pitch Mountains

Floodplain dynamics in the this area show impacts from a variety of stressors that include diversions and
wells, wildfires, roads, mines, and climate change. Most of the surface water runoff in this region is
diverted and used for irrigation in lowland valleys, reducing the ability of streams to transport sediment
and connect to their floodplains. Some LTAs in this region have experienced large amounts of high
severity burns and this region is especially vulnerable to post-fire flooding due to intense localized
summer thunderstorms (Robinson 1971). Overgrazing has severely impacted streams across the forest
including the San Pitch region. Historic descriptions of the area note that hills were rich with grasses and
that the range became barren with the introduction of sheep (Christensen and Johnson 1964). Effects of
stressors are light relative to other geographic areas, so we determined that floodplain condition is within
the NRV at one LTA and trending towards the NRV at the others (Table 7).

Wasatch Plateau

Floodplain dynamics in the Wasatch Plateau are driven by geologic setting and natural flow regimes.
Geologic setting varies from east to west across the highland, but channel gradients of most major
drainages are steep (Danielson and Sylla, 1983). The western escarpment drops faster than the eastern
side of the Wasatch Plateau, resulting in faster drops in the western canyons and the water that drains
them (Hall, 2001). Many of the streams in the plateau flow in deep canyons and bold relief is typical
(Speiker and Billings, 1940). The beginning of the lowlands in the Wasatch Plateau are marked by
outcrops of Mancos shale, which have a pronounced effect on the topography and landscape of
floodplains and stream channels because they are easily eroded, have limited plant growth and low
permeability that causes precipitation to run off directly into streams (Waddell et al., 1981). The drainage
system of the Wasatach Plateau is generally dendritic, with some notable effects from faulting. In the
graben, streams flow counter to divides until they are able to turn eastward and drain through pronounced
canyons in the high block east of the graben (Spieker and Billings, 1940). In addition to faulting, historic
glaciation plays a role in the drainage patters of the western valleys. The large, broad valleys left behind
by glaciers have hardly been modified by stream erosion. These landscapes are slightly notched by post-
glacial streams and the channels are notably influenced by the configuration of moraines (Spieker and
Billings, 1940).

Sediment yields are dependent on geologic setting and range from 0.1 to 3 acre feet per square mile per
year in the Wasatch Plateau region (Waddell et al., 1981). The high yields typically occur in the
predominately shale and sandstone lowlands. Lower yields are observed in the higher altitudes where
exposed rocks are mostly limestone and dolomite (Waddell et al., 1981). The composition of stream
substrates changes with altitude, increasing in clay content as elevation decreases (Waddell et al., 1981).
Infrequent and intense storms result in the largest sediment yields (Waddell et al., 1981). Land instability
and flooding are well documented in the Manti division with landslides, debris avalanches, and mudflows
common on the North Horn formation. Soils erodibility is moderate to high, with typically very fine sandy
loam to silty clay and loam soils at the surface. An abundance of steep slopes and the occurrence of
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intense summer thunderstorms results in high erosion potentials, especially when vegetation is removed
(MLSNF Mud and Flood).

Floodplain dynamics have been altered from their natural range of variation by a variety of stressors
including livestock grazing, dams and diversions, installation of reservoirs, construction of roads, coal
mining, recreation, timber harvest, and wildfire. The results of these stressors are that six LTAs in this
region are functioning outside their natural range of variation and eleven are trending toward their natural
range of variation.

Decades of intense grazing and the following restorative efforts have transformed the landscapes,
floodplains, stream channels, and sediment sources of the Wasatch Plateau. Grazing in the alpine
meadows of this region was so intense that townsfolk could count sheep herds from ten miles away by
the plumes of dust trailing the herds (Hall, 2001). Studies show that heavy grazing in a watershed in this
region led to a transition from a fairly stable landscape to a serious flood source (Meeuwig, 1960).
Furthermore, grazing exclusion does not satisfactorily reduce erosion and flooding. Watersheds require
restoration to return to a stable state that can support some degree of controlled grazing (Meeuwig,
1960). Hall (2001) argues that today’s plateau is rehabilitated, but not restored and that more work is
required to counteract the negative impacts of overgrazing.

There is an extensive network of dams and diversions in the Wasatch Plateau and several large
reservoirs (Appendix 2). Examples of these alterations are observed in the Huntington Creek system
(Winget, 1984). In this drainage, the construction of the Electric Lake Dam lead to deposition of fine
sediments and an unbalance between water and sediment sources. Additionally, the Huntington River
flow regime changed from a snowmelt dominated runoff to a regulated flow pattern, with the timing of
peak flow changing from spring to late summer (Winget, 1984).

Underground coal mining has impacted channel morphology and sediment dynamics in the Wasatch
Plateau in various ways. Studies have shown increases in the lengths of cascades and glides, increases
in pool length, numbers and volumes, an increase in the median particle diameter of bed sediment in
pools, and some constriction in channel geometry (Sidle et al., 1998). Coal mining has also been
associated with debris slides and rockfalls in the Wasatch Plateau. These events have resulted in the
deposition of sediment, boulders, and trees in streams (Slaughter et al., 1995).
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Table 7. Floodplain and channel stressors, floodplain condition (FC) status, and channel and streambank
stability (CBS) status at south zone LTAs. Statuses are Within = within the natural range of variation (NRV),
TT =trending towards the NRV, Outside = outside of the NRV, and Il = insufficient information.

Percent in Invasi\_/e Road Percent Rerce_nt ';irr?g:jt CBS
LTA Grazing Acres in Miles Rqad Miles with high with high FC status status
Allotment | Floodplain Unimproved | fuel loads severity

SP_LTAG1 99% 0.8 14.0 49% 83% 6% TT Il
SP_LTAG2 100% 0 115 71% 74% 15% TT 1
SP_LTAG3 100% 0.9 9.3 100% 55% 1% TT Il
SP_LTAG4 99% 7.0 65.0 100% 60% 0.0 TT 1
SP_LTAGS 100% 1.8 10.3 88% 53% 1% Within 1
SP_LTAG6 66% 211 31 100% 84% 0.0 TT Il
MSL_LTAG1 84% 92.3 10.8 89% 27% 1% TT 1
WP_LTAG1 99% 45 65.2 69% 41% 1% - I

WP_LTAG2 99% 20.0 280.1 75% 17% <1% - Within
WP_LTAG3 100% 17 94.9 100% 32% 1% - I

WP_LTAG4 100% 2.2 149.8 72% 10% 0.0 TT Within

WP_LTAG5 100% 7.4 90.4 82% 23% 1% TT Within
WP_LTAG6 99% 0.1 451 81% 18% <1% TT 1]
WP_LTAG7 99% 0.01 91.8 99% 22% 0.0 1

WP_LTAGS8 80% 165.3 77.0 53% 10% 0.0 Within
WP_LTAG9 93% 63.7 55.2 46% 32% 0.0 1
WP_LTAG10 88% 101.6 104.0 80% 24% 6% TT
WP_LTAG11 98% 52.6 112.5 58% 26% 7% 1
WP_LTAG12 96% 51.9 9.3 20% 34% <1% TT 1l
WP_LTAG13 82% 14.1 14.2 73% 19% 12% TT 1
WP_LTAG14 100% 24.1 7.6 54% 57% 0.0 TT 1l
WP_LTAG15 100% 147.8 25.8 74% 66% 2% TT 1
WP_LTAG16 98% 70.2 12.3 72% 58% 2% TT 1

4. Channel and Streambank Stability

Streams in properly functioning condition maintain a balance between the opposing processes of erosion
and sediment deposition (Beechie 2008). These streams have natural rates of vertical and horizontal
stability and provide high quality habitat for aquatic and riparian organisms. Channel equilibrium is
influenced by geomorphic factors and by biotic factors such as beaver activity, riparian vegetation, and
large wood (Pollock et al. 2014). Streams in alluvial reaches experience natural incision-aggradation
cycles, but incision can be accelerated by loss of vegetation or removal of beaver dams (Pollock et al.
2014).

At low gradient streams, late-seral riparian plant communities include sedges, rushes, and willows, all of
which have extensive root systems that protect banks from floods, trampling, and other erosive events.
Dominance of late seral vegetation on stream banks is an indication of potential for self-repair following
disturbance events (MLSNF 2012). These plants also dissipate stream energy and trap sediment,
lessening flood damage at areas downstream (Winward 2000). Disturbance to vegetation reduces
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stability and can lead to widening of streams, change in water quality and temperature, and reduction of
aquatic habitat quality. A frequent disturbance to stabilizing vegetation is livestock grazing, particularly by
cattle, which show a stronger preference for riparian areas than other grazers such as sheep (USFS
2014). Where grazing allotments include streams and riparian areas, sedges and rushes are often
preferred forage and are vulnerable to excessive levels of grazing if timing and intensity of cattle grazing
is mismanaged (Plats and Nelson 1989, Evans et al. 2004). Though not typically preferred, willows are
excessively browed if allowable use is exceeded (USFS 2014). In addition to consumption of stabilizing
vegetation, heavy livestock use results in soil compaction, trailing, and erosion (MLSNF 2004). Additional
stressors influencing channel and bank stability include recreation use, beaver removal, roads, and floods
(Vanderbuitl 2006, MLSNF 2013, Pollock et al. 2014).

For this KEC, we evaluated the stability of channels and streambanks as maintained by riparian
vegetation (Appendix 4). Standards used evaluate this characteristic vary among stream types and
vegetation data is collected unevenly across the forest. For these reasons, we could only determine
stability status at several LTAs in three of the four geographic areas.

The rangelands of southeastern Utah have been heavily grazed by cattle since the late 1800s (Shamo
2014). Livestock use has damaged vegetation and soil near streams and reduced streambank stability
(MLSNF 2001). Many range improvement projects have been proposed or implemented to mitigate these
impacts (Curtis-Tollestrup 2015). Historically, abundant riparian shrubs and thick herbaceous layers
stabilized banks with large root masses and dissipated energy in streams to decrease erosion. Most
functional reaches in the Abajo and La Sal Mountains continue to have stabilizing plant communities. In
addition to stabilizing vegetation, some are also stabilized by rock banks. Beaver activity is still noted in
some locations and has benefited systems by stabilizing channels. In the Abajo Mountains, sheep grazing
was replaced by cattle grazing in the 1950s and 1960s, concentrating grazing pressure on riparian
vegetation (USFS 1997). Nearly all of the La Sal Mountains and Borderlands contains cattle allotments
today (1,166,000 acres), but cattle allotments are less extensive at the Abajo Mountains, Mesas, and
Canyons (518,000 acres). Though grazing levels have been reduced, active grazing may inhibit recovery
from past overgrazing and continue to degrade stream channels (USFS 2014). At the Abajo Mountains,
Mesas, and Canyons, we determined that channel and bank stability was within its NRV at one LTA,
which includes much of the Black Canyon Wilderness. Channel and bank stability was trending towards
its NRV at two LTAs and the rest of the LTAs had insufficient information. This KEC was outside of its
NRV at two La Mountains and Borderlands LTAs, trending towards the NRV at two LTAs, and the rest
had insufficient information (Table 6).

The Wasatch Plateau also has been grazed by cattle and sheep for over 150 years (Shamo 2015).
Though unchecked sheep grazing resulted in significant impacts to watersheds during the 19t and 20"
centuries (MLSNF 1998), current effects of cattle on riparian areas are generally greater (USFS 2014).
Cattle allotments currently total approximately 273,000 acres and sheep allotments currently total
230,000 on the Wasatch Plateau. The continued grazing and cumulative effects of wild ungulate and
domestic livestock grazing may inhibit the recovery of channel structures that were degraded during
historic overgrazing. Other effects on channels and banks include lingering effects of large floods,
extensive roads, and heavy recreation use (MLSNF 1998). Overall, indicators of channel bank stability
were greater at the Wasatch Plateau LTAs than those in the south zone (Appendix 4). We determined
that channel and bank stability was within the NRV at four LTAs, trending towards the NRV at one, and
we had insufficient information at the rest (Table 7).
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Patterns and Trends

By identifying KECs of riparian ecosystems and evaluating their NRV, we measured riparian integrity and
sustainability at the scales of geographic areas and LTAs We found that conditions and stressors vary
among these spatial units (Appendix 5). This is not an unexpected result, given the considerable spatial
variation in physical and ecological processes within this forest. All areas have been heavily modified
since Euro-American settlement, but the nature of these changes are variable as well. In general,
riparian KECs in the Abajo Mountains, Mesas, and Canyonlands are functioning within the NRV more so
than at other geographic areas. Conversely, KECs are most outside of the NRV at the La Sal Mountains
and Borderlands (Figure 4). Overall departure is intermediate in the north zone geographic areas.

Through literature review and data analyses, we identified several issues affecting riparian ecosystems at
various scales in the National Forest. Watershed-scale effects influence the delivery of water, sediment,
wood, and other materials into channels and floodplains. Extreme watershed changes began in the late
19t century as a result of uncontrolled grazing, particularly on the Wasatch Plateau. Watershed
conditions have improved with well-documented, intensive restoration, but lingering effects, such as
destructive floods and loss of riparian vegetation, have continued to the present day.

In addition to grazing, watershed dynamics have been altered by fire suppression, unnaturally severe
wildfires, insect and disease mortality, and timber harvest. These stressors also affect input into channels
and floodplains. Changes in wildfire regimes are notable at the San Pitch Mountains, where fuel loads
are high and wildfires burn with unnatural severity. At the La Sal Mountains, clear cuts on state land have
affected channel and floodplain dynamics on several cutthroat trout streams. Insect and disease mortality
occurs throughout the forest, but its NRV status is beyond the scope of our assessment. Management
options exist to address these issues, but effects of current grazing practices and climate change may
complicate these efforts.

Floodplain dynamics include interactions between stream channels, soils, and riparian vegetation. These
interactions have been disturbed by a variety of stressors including roads, recreational activities, invasive
species, and encroaching species. Our assessment results show that floodplains are especially impacted
at the La Sal Mountains and Wasatch Plateau (Appendix 5). Given the widespread effects of stressors
such as roads and invasive species, floodplain restoration efforts must be prioritized at locations critical to
persistence of cutthroat trout and other species of concern.

Water developments have been established for agricultural and municipal use in each geographic area
(MLNF 2005, 2010). In fact, the need for reliable and clean water supplies motivated establishment of
forest reserves and later the Manti-La Sal National Forest (Shamo 2014). Each geographic area now
contains a complicated network of dams, diversions, and spring developments. These features have
altered volume and timing of stream flows, resulting in changes to composition or elimination of riparian
vegetation. Diversions, dams, and reservoirs are especially numerous on the Wasatch Plateau (Appendix
2), altering groundwater and surface water fluctuations. Despite these changes, riparian ecosystems are
functioning within their NRV at several LTAs. Changes in water management may be necessary to
improve function at other LTA’s in the area.

In addition to diversions, surface and groundwater flows have been affected by mining operations. The
largest impacts have been documented in the Wasatch Plateau, where coal mining is a major driver of
the local economy. Impacts from water development can be mitigated through management activities
such as managed flows and increases in water use efficiency. Projected reductions in snowpack,
however will likely exacerbate effects of diversions on aquatic and riparian ecosystems.
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Livestock grazing has occurred on the National Forest for over 150 years and will continue as part of the
forest’s directives to provide a sustained yield and support local communities (Shamo 2014, USFS 2014).
Grazing standards, such as herbaceous stubble height, can prevent damage to riparian ecosystems, but
the efficacy of these indicators must be evaluated using standardized and quantitative evaluations (Clay
et al. 2000, Collaborative Group 2012, USFS 2014). Data from such investigations was unavailable for
most of the National Forest. Information we have reviewed, however, indicates that effects of cattle
grazing are strongest on streams in the La Sal Mountains and Borderlands geographic area. Trends were
upward or slightly upward at most greenline transects in the area in 2016, indicating that current
guidelines and practices such as riparian exclosures are improving conditions. In the Abajo Mountains,
Mesas, and Canyons and Wasatch Plateau areas, effects of historic overgrazing may require restoration
and recovery at the watershed scale, but current grazing practices are not having as large an effect on
stream stability, as evidenced by the many greenline transects rated as stable in 2016.

We recommend additional monitoring of greenline transects along with addition of transects at new sites
in each geographic area. Forest-wide information on the effects of current grazing practices will be critical
to management of aquatic and riparian ecosystems in response to changes in hydrology, land cover, and
human use in the coming decades.

Data Gaps

Riparian ecosystems associated with perennial streams are typically priorities for research because of
their importance as components of native fish habitat. Intermittent streams, however, can support riparian
vegetation and provide forage for wildlife including elk and sage-grouse (Stromberg and Merritt 2016).
Identification and analysis of intermittent streams is needed to determine departure of riparian vegetation
from natural conditions.

Many riparian ecosystems are dominated by coniferous species but contain groundwater-dependent
shrubs and herbaceous plants. Distribution, composition, and condition of these ecosystems are poorly
documented. A better understanding of the spatial distribution of intermittent streams will help address
this gap.

Channel and bank stability is critical to protection of habitat for cutthroat trout and other aquatic species.
These variables, however, are unmeasured at most streams in the National Forest.

Few data exist evaluating low-elevation riparian forests at locations such as Indian Creek in the Abajo
Mountains and Beaver Creek Canyon in the La Sal Mountains. These forests provide critical habitat for
numerous wildlife species, but are vulnerable to stressors such as flow modification, invasive plants, and
wildfire (Smith and Finch 2014, 2016).
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